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Abstract

Control of infection and inflammation is crucialrfthe success of periodontal treatment.
In this study,in-situ forming implants (ISFI) loaded with chlorhexididéhydrochloride (CHX)
and ibuprofen (IBU) were developed and tested tonope periodontal treatment outcomes.
Release profiles were promising. Exposure to 1.5% 23% CHX-IBU loaded ISFI's release
media decreased significantly tRegingivalis growth up to 20-fold and 35-fold, respectively,
after 48h [ < 0.05). The metabolic activity assay of gingivplteelial cells (EC) demonstrated
1.5% CHX-IBU-loaded ISFI to be non-toxic, therefor& was selected for further
experimentation. Furthermore, significant down-tagan of TNF- release (34% at 6h and 43%
at 24h,p < 0.05) inP.gingivalis lipopolysaccharideRg-LPS) stimulated EC exposed to 1.5%
CHX-IBU ISFI release medium was demonstrated by3ALIIn vivo, 1.5% CHX-IBU ISFI was
injected into the periodontal pocket in an experntak periodontitis mouse model and the
reduction in inflammation and improvement in pedothl wound healing was evaluated through
inflammatory cell scoring and histomorphometry atarid 15-days post-treatment. The results
indicate that CHX-IBU loaded ISFI could be efficieas adjuvant to periodontal therapy for the
control of infection and inflammation. Moreoverhet (e.g., pro-regenerative) drugs could be

incorporated into ISFI to further improve periodairtteatment outcomes.



1. Introduction

Periodontal diseases, comprising gingivitis andogentitis, are a group of inflammatory
diseases of infectious origin that progressivelgarmine the integrity of the tooth supporting
structures leading to tooth mobility and, if lefitteated, can result in tooth loss (Kinane et al.,
2017). Severe periodontitis has been ranked a8"theost prevalent disease worldwide affecting
around 743 million people and is associated to ceduguality of life (Tonetti et al., 2017).
Clinically, such disease manifests itself as inf@mngingiva, bleeding gums, loss of tissue
attachment, periodontal pocket formation, bone &rgttooth mobility (Pihlstrom et al., 2005).

Oral biofilms are implicated in the pathogenesigefiodontal diseases (Socransky and
Haffajee, 2005). Chronic inflammation triggered bsal pathogens, such &orphyromonas
gingivalis (P.gingivalis) in periodontal tissues leads to an accumulatiénsuabgingival
inflammatory infiltrate and the downwards prolifeoa of oral epithelial cells forms a junctional
epithelium that becomes the epithelial lining ok tperiodontal pocket (Bosshardt, 2018).
Epithelial cells are the first cells to migrate enas the periodontal lesion owing to their higlerat
of proliferation, hence, their role in the formati@f long junctional epithelium and wound
healing is crucial and the premature epithelial dgrewth hinders ideal wound healing (Morand
et al.,, 2016; Sculean et al., 2015). The underlygeular mechanisms implicated in lesion
development are regulated by host-immune respomske s&cretion of cytokines that are
exacerbated by the infection (Cekici et al., 201Bherefore, control of inflammation and
infection are crucial to the success of periodom&gtment and wound healing.

The conventional periodontal treatment comprisadirsg and root planing. It effectively
reduces bacterial load and subsequent inflammatiowever, its outcomes remain elusive in

severe and deep lesions or in the presence of/$gstdmic risk factors (Tomasi et al., 2007).



Therefore, the use of several anti-inflammatonamwti-infective agents has been proposed as an
adjunctive therapy. Regarding inflammation contriduprofen (IBU), a selective COX-2
inhibitor, is a well-known anti-inflammatory agetitat has been prescribed in periodontal
treatment and has shown to improve the treatmettome upon systemic administration
(Agossa et al.,, 2016). Furthermore, chlorhexidi@HX) is a widely used broad-spectrum
antimicrobial agent that inhibits bacterial growdind is commonly used in patients during
periodontal treatment. Several other drugs, comgewr probiotics have also been tested and
improved clinical outcomes (Petit et al., 2019; Agm et al., 2016; Martin-Cabezas et al., 2016;
Feres et al., 2015). However, long-term and higbedaf systemic drug administration could be
associated to side-effects and complications (Retél., 2019; Agossa et al., 2016; Greenstein
and Polson, 1998). To overcome this issue, the afsdocal drug delivery systems or
scaffolds/carriers has been suggested for condraliel site-specific drug delivery (Batool et al.,
2018a; 2018b; Ozdan et al., 2018). Biodegradable polymers, suchaig(lpctic-co-glycolic
acid) (PLGA), offer an interesting potential as maformers, allowing to control drug release
during several weeks (Bragagni et al, 2018; Dugual.e2018; Wu et al., 2018; Kempe et al.,
2010).

In this context, drug-loaded membranes have bestedavith promising results, however,
their placement requires a surgical approach (Batoal., 2018a; da Silva et al., 2016; Farooq et
al., 2015), paving the way to the use of easy-tudle materials such as gels or mini-
devices/chips with easy intra-pocket administratiBansal et al., 2018; Nair and Anoop, 2012).
Conventional gels can be dislodged from the pookéesion site due to salivary flow, chewing
or brushing, reducing their efficacy. To overcomehs limitation, polylactic-co-glycolic acid
(PLGA) and hydroxypropyl methylcellulose (HPMC)-bdsn-situ forming implants (ISFI) have

been developed and characterized for local perimtoapplication (Agossa et al., 2017, Do et



al., 2014, 2015a, 2015b). The PLGA was dissolvedN-methyl-pyrrolidone (NMP); HPMC and
different types of drugs were added. Upon contattt aqueous fluids, the NMP diffuses into the
latter and water diffuses into the formulations (Rnd water being completely miscible). Since
PLGA is insoluble in water, it precipitates andpgahe drug. These liquid formulations possess
an appropriate consistency for intra-pocket ingatthat hardens to become an implant within the
pocket, acquiring a complete 3-dimensional fillmfgthe lesion morphology with adequate bio-
adhesion and retention at the lesion site. Thel ladministration of these bio-compatible and
bio-degradable ISFI is less technique sensitives tene-consuming, less invasive, consequently,
improving patient compliance with convenient druglivkry and optimal at site concentration
(Agossa et al., 2017; Do et al., 2014; 2015a; 2p15b

Since periodontitis involves a multifactorial pafgjemesis, a treatment targeting both
bacterial infection and inflammation could be pdiEtly effective in improving the treatment
outcomes. A variety of ISFI loaded with differemi@unts of IBU (free acid), IBU lysinate, CHX
dihydrochloride or CHX digluconate (exhibiting stdnstially different solubilities) has recently
been proposed and the resultingvitro drug release kinetics have been reported (Lizathbar
al., submitted). However, it is unclear whetherhsadvanced local drug delivery systems show
promising antibacterial and anti-inflammatory aityivn vitro andin vivo. Therefore, the aim of
this study was to characterize a selection of IBdXOoaded ISFI, evaluating their efficacy to

promote periodontal wound healing and regeneratiaitro andin vivo.



2. Materials & Methods:
2.1. Reagents

Poly(D,L-lactic-co-glycolic acid) (PLGA, 50:50, -GOH end groups; Resomer RG 502
H) and chlorhexidine dihydrochloride (Evonik, Datadt, Germany); acetyltributyl citrate
(ATBC, Morflex, Greensboro, NC, USA); hydroxypropwgiethylcellulose (HPMC, Methocel
E50; Colorcon, Dartford, UK); ibuprofen (BASF, Lu@jshafen, Germany). N-methyl-
pyrrolidone (NMP), acetonitrile, sodium phosphaibadic (NaHPQ:) and phosphoric acid
(H3sPQy) (Fisher Scientific, lllkirch, France); triethylane (for analysis) (Acros Organics, Geel,
Belgium). P.gingivalis lipopolysaccharideRg-LPS) (Invivogen, San Diego, CA, USA); brain-

heart infusion medium, hemin and menadione (Sigshd,ouis, MO, USA).

2.2. Preparation of the liquid formulations able form ISFI
PLGA (28% w/w, based on the total liquid formulatieithout drug) was dissolved in
NMP at 25 °C for 30 min under stirring in a glasalv ATBC (10% w/w, based on the PLGA
mass) and HPMC (10% w/w, based on the PLGA massg wdded and the mixture was
vortexed for 3 min followed by standing for 3h & 2C. Subsequently, CHX and IBU were
added, and the mixtures were vortexed for 3 mire @tug loadings were 1.5% or 5.3% (w/w,
based on thén-situ implant formulation without NMP = “theoretical” iplant composition), as

indicated. The formulations were then stored at’Z&nd protected from light prior to use.

2.3. ISFI formation, drug release and mass changewitro

In-situ_implant formation: One hundred pL of the liquid formulations wereggld at the

bottom of an Eppendorf vial using a standard swir@gne mL preheated (37 °C) deionized water



was carefully added into the vial using a pipeitatiating “solvent exchange” and ISFI
formation. The vials were horizontally shaken at’@7and 80 rpm (GFL 3033; Gesellschaft fuer
Labortechnik, Burgwedel, Germany).

Drug release:At pre-determined time points, the bulk fluid wamsmpletely withdrawn and
replaced with fresh deionized water. The drug aunitethe withdrawn liquid was determined by
HPLC-UV (Waters Alliance 2695 separation module,t& 2489 UV/vis detector) as follows:
20 L samples were injected into an AC18RP column (®&fHi m C18 110 A, 100mm x 4.6
mm; Phenomenex, Le Pecq, France). The flow rate WasnL/min. Eluent A was a 70:30
mixture of an aqueous solution of 115 mM>NRQ; with 0.5% triethylamine (adjusted to pH 2
with HsPQy) and acetonitrile. Eluent B was acetonitrile. Tdwnposition of the mobile phase
was changed as follows: 4 min Eluent A, 10 min Btuéd:B 55:45. Retention times were
approximately 2.50 min for CHX and 6.85 min for IBOhe column was kept at room
temperature and the detection wavelength wa239 nm. The calibration curve was linear (R >
0.999) within the range of 1 to 100 pg/mL for CHXdawithin the range of 1 to 50 pg/mL for
IBU. Each experiment was conducted in triplicate] ¢he results are presented as mean values +

standard deviation.

2.4. Cell culture
Human oral epithelial cells (TERT-2 OKF-6, BWH Ce€lulture and Microscopy Core,
Boston, MA, USA) (EC) were cultured in Keratinoa@&M medium (Life Technologies,

Saint-Aubin, France) as described previously (Blatbal., 2018a).

2.5. Metabolic activity assay



To assess the effect of different doses of CHX-Heléased by ISFI on EC viability, an
AlamarBlue assay (Life Technologies, Saint-Aubirrariee) was performed as described
previously (Batool et al., 2018a). Prior to the exment, placebo ISFI (0% CHX-IBU), 1.5%
and 5.3% CHX-IBU ISFI were formed as described abfor thein vitro drug release studies,
but using a saliva-like medium described by Pratteal. (1998) instead of water. After 24h, the
bulk fluids were collected and EC were exposedhent during 6 to 24h. Then, 200 pL of
incubation media was transferred to a 96-wellsepéatd absorbance was measured ajz©dhd
ODsgs nm by a spectrophotometer (Multiskan, ThermoSdientllkirch, France) in order to

determine the percentage of AlamarBlue reduction.

2.6. ELISA

To evaluate the anti-inflammatory effects of IStHe supernatants from the untreated
EC as well as from the cells treated with ISFI placand CHX-IBU ISFI were collected at 6 and
24h and subjected to ELISA for the detection of TNE€oncentrations. Prior to the experiments,
EC were stimulated byg-LPS at a concentration of @mL. Recombinant human TNF-
protein (Catalogue number: 300-01A, Peprotech) ugzsl as the standard protein. Anti-Human
TNF- (Polyclonal Goat) (Catalogue number: 500-P31AQrétech) was used as the coating
antibody, while biotinylated Anti-Human TNF-(Polyclonal Goat) (Catalogue number: 500-
P31AGBT, Peprotech) was utilized as the capturebasy. ELISA immunoreactivity was
guantified using a microplate reader at 8fhm and the standard curve was used to calculate

and compare the concentrations of TNBrotein (pg/mL) in the samples (Figure 1).

2.7. Bacterial culture



TheP.gingivalisstrain (ATCC 33277) was purchased from the Ameri€gpe Culture
Collection (ATCC, Manassas, VA, USA) and cultureddescribed previously (Batool et al.,
2018a). Briefly, bacterial culture was performedi@nstrict anaerobic conditions at 37°C in
brain-heart infusion medium supplemented with heimg/mL) and menadione (1 mg/mL).
For each experiment, bacteria were grown for 4 dBgdore use, the bacterial culture was

centrifuged and bacteria were washed twice withrsphate buffer saline (PBS).

2.8. Effect on bacterial growth over time
Prior to evaluating the effect of the ISFI &ngingivalis growth, bacterial growth was
evaluated at OF, nm using a spectrophotometBrgingivalisgrowth was recorded in bacterial
culture medium (control), placebo ISFI, CHX-IBU ISElease media respectively and compared
to determine the effect of CHX-IBU ISFI as descdh@eviously (Akcali et al., 2014). Growth

rate was evaluated at 6, 9, 24 and 48h (Figure 1).

2.9. Experimental periodontitis

Twenty-four 8 weeks old male C57BL/6J miftmean weight= 25g(Charles River,
L’Arbresle, France) were used in this study. Allmaals were regularly fed and kept in separate
cages. All experimental protocols fulfilled the laottization of the “Ministére de I'Enseignement
Supérieur et de la Recherche” under the agreemenber 01715.02. The Ethics Committee of
Strasbourg named “Comité Régional d’Ethique en &fatid’Expérimentation Animale de
Strasbourg (CREMEAS)” specifically approved thigsdst Mice were examined to evaluate pain
and stress and their weights were monitored d&kperimental periodontitis was induced in
mice by P.gingivalisinfected ligatures to mimic disease condition camaple to human

periodontitis as described previously (Saadi-Thetral., 2012). Briefly, silk ligatures (6-0) were



incubated inP.gingivalis culture at 37 °C overnight. After anaesthe$agingivalis infected
ligatures were placed repeatedly in the palatatusubf the first molars bilaterally. The initial
placement ofP.gingivalisinfected ligatures was facilitated by sulcular ishans along the
cervical margins of the first molars. The ligatuvesre replaced with freshly infected ones thrice

a week for up to 40 days to create deep periodoefalcts (Figure 1).

2.10. Treatment of periodontal defects

Periodontal defects were randomly treated withahpiocket administration of ISFI
(placebo or 1.5% CHX-IBU) or left untreated (natwaund healing/ control). The consistency of
ISFI was liquid enough for easy injectability whilgter solidified to mould itself according to the
lesion’s shape and size and deliver the therapdlytiactive molecules. A 21-gauge needle was
used to inject the liquid formulations into the ipdpntal pockets. Prior to injection, the lesion
area was well-isolated using tiny pellets of cottorabsorb saliva or bloodo ensure ISFI fitting
to the 3D shape of the lesion, 180of ISFI were injected slowly in each lesion anatess were
gently removed.Mouse’s mouth was maintained open 5 minutes aftgction and ISFI
placement was checked under microscdjee margins of the pockets facing the cervicalgimesr
of the teeth were then closed to allow the ISFinfation. Mice were euthanized at 7 days (n=12)

and 15 days (n=12) post-treatment (Figure 1).

2.11. Tissue preparation
Mice were euthanized with an intraperitoneal lethajection of pentobarbital
(100mg/kg) (Centravet). Tissue fixation was perfediy intra-cardiac perfusion with a solution

containing 4% paraformaldehyde (PFA) in PBS (pH).7Afterwards, maxillae were dissected



and post-fixed by immersion in the same fixativéuson overnight at 4°C. After rinsing with
PBS for 24h, the specimen were demineralized & #°15% EDTA at pH 7.4 for 3 weeks with

a regular replacement of solution every 2 dayseiAditensive washing in PBS, the samples were
dehydrated in increasing concentrations of ethamal toluene before embedding in paraffin
(Paraplast plus, Sigma, city, country). Sevean thick serial frontal paraffin sections of the

maxilla were cut with a microtome (Leica RM 2165).

2.12. Inflammatory score

The 7 m thick paraffin slides were deparaffinized in xyeand rehydrated through a
series of graded ethanol, stained using standatboae with hematoxylin and eosin, and then
evaluated for inflammatory changes. The semiquativé grade of inflammation in gingival
tissues (Shi et al., 2015) was used to give aranmfhatory score to each section. The scale
ranged from 0 to 3: O0=no inflammation, no inflaatory cell infiltration; 1 = mild
inflammation, local focal inflammatory cell infiition; 2 = moderate inflammation, spotty and
flaky inflammatory cell infiltration; and 3 = sewerinflammation, diffuse inflammatory cell
infiltration. The grade of inflammation of 3 spe@ns per mouse per condition was measured
and the average grade of inflammation was caladlaféhe sections were visualized and

photographed with a Leica DM2500B microscope (Lé&terosystems, Wetzlar, Germany).

2.13. Histomorphometric analysis
For histomorphometric evaluation, prepared sectimese deparaffinized, rehydrated,
and stained with hematoxylin. After dehydrationde$s were mounted with distrene—plasticizer—
xylene (DPX) resin (Sigma, city, country) and congpized images were captured on a

microscope (RM 2145 DMRB microscope, Leica, Ruedivaison, France). Palatal root areas of



the first molars were analysed to examine the ext@nof epithelial down growth, fibrous
connective tissue attachment and alveolar bone Fmshistomorphometric analysis: epithelial
attachment (EA) was measured from the cemento-drjanation (CEJ) to the apical limit of the
epithelium; fibrous connective tissue attachmem)(vas measured from the base of the apical
limit of EA up till the beginning of the dense fdurs connective tissue fibers, and the alveolar
bone loss (BL) was measured from CEJ to alveolaelwest (ABC) using the Image J imaging

software (Schneider et al., 2012).

2.14. Statistical analysis
All experiments were repeated at least three timesplicates (technical and biological
replicates), and statistical analysis was performgidg ANOVA and Mann-Whitney U test. A

probability of ap-value < 0.05 was considered significant.



3. Results
3.1. Release kinetics of IBU and CHX from ISFI
As it can be seen in Figure 2, the investigated t8lEased both drugs (IBU and CHX) in
a controlled manner. IBU release was about consségmiroximately 9 and 28 pg/day in the case
of 1.5% and 5.3 % ISFI. The release rate of CHX Wigber during the first 5 days, and then

slowed down.

3.2. ISFI reduced P.gingivalis growth in vitro

To evaluate the antibacterial effect of the iniggged ISFI, 5.10CFU in 100 L of
P.gingivalisculture was incubated with 100 samples of release media obtained with placebo,
1.5% and 5.3% CHX-IBU ISFI. The samples were oladiafter 1 day of exposure of the ISFI to
artificial saliva. After 9 to 48h incubatio.gingivalis growth over time was significantly
reduced in comparison with unaltered bacterialucal{Figure 3). Treatment with 1.5 and 5.3%
CHX-IBU ISFI’s release media reduced the bactegralwvth by about 2-fold and 4-fold at 6 and
9 hours respectivelyp€0.05). An 18-fold decrease in tliegingivalis growth was observed at
24h while it further decreased to 20-fold at 48lhwexposure to 1.5% CHX-IBU ISFI release
medium p<0.05). Similarly, 5.3% CHX-IBU ISFI's release madi also induced a significant
decrease dP.gingivalisgrowth by upto 24 and 35-fold at 24h and 48h retpely. Interestingly,
the release medium of placebo ISFI also inducedbdenate antibacterial effect which can be

attributed to the antibacterial effect of PLGA dviN.

3.3. Anti-inflammatory effect of ISFI's release
The effect of CHX-IBU ISFI on the metabolic activitf EC was determined to evaluate

their cytocompatibility. EC were incubated for &da2vh with samples of release media obtained



with placebo ISFI, 1.5% and 5.3% CHX-IBU ISFI afteday of exposure to artificial saliva. It
should be noticed that EC metabolic activity was significantly modified in the case of 1.5%
CHX-IBU ISFI at both 6 and 24h, while a slight degse in the metabolic activity was observed
for EC exposed to release medium obtained with SC3X-1BU ISFI (Figure 4A). Hence, 1.5%
CHX-IBU ISFI was selected for further experimertatowing to its non-cytotoxicity.

To evaluate the anti-inflammatory effects of th&IlSEC were first exposed #g-LPS to
induce an inflammatory state and then incubated6féo 24h with samples of release media
obtained with ISFI after 1 day of exposure to aéd saliva. Pg-LPS stimulation induced a
significant TNFa secretion at 6 and 24h (Figure 4B, C). At 6h, axpe to the release medium
obtained with 1.5% CHX-IBU ISFI reduced TNF+release fronPg-LPS stimulated EC by 34%
in comparison to that of the control, while a 438duction was observed at 24h< 0.05). Such
decreases were not observed for EC treated wittepta ISFI, illustrating the role of released

IBU (Figure 4).

3.4. Intra-pocket application of ISFI reduced irdimmation associated to experimental

periodontitis
Due to its promising bactericidal and anti-inflanorg propertiesn vitro, 1.5% CHX-

IBU ISFI was evaluatedn vivo in a murine experimental periodontitis model agraof-of
concept. Following establishment of periodontalidies, 1.5% CHX-IBU ISFI was injected
atraumatically into the periodontal pockddburing the procedures and follow-up, neither
significant weight changes nor any adverse eventsewobservedAt 7 days post-ISFI
application, within epithelial and connective tisscompartments of the gingiva, a significant

reduction in inflammatory score was observed imssitreated with 1.5% CHX-IBU ISFI in



comparison with untreated sites and sites treaidd placebo ISFI (59% vs untreated and 56%
vs placebop <0.05) (Figures 5). A significant reduction in exthmatory score of 55% and 53%
was also observed 15 days post-ISFI treatmenttas sreated with 1.5% CHX-IBU ISFI in
comparison with untreated sites and in sites tdeatiéh placebo ISFI respectively (Figures 6).
Additionally, histomorphometric analyses showed rioyement in periodontal wound healing at
7 days (Figure 7) and 15 days (Figure 8), as etdddyy significantly shorter EA in sites treated
with CHX-IBU ISFI (41% vs untreated and 22% vs glae,p <0.05) at 7 days (Figures 7D) and
at 15 days (50% vs untreated and 47% vs plaqek0,05) (Figure 8D). Furthermore, at 7 days,
the FA on the root surface was significantly imprd\by 24% and 45% in 1.5% CHX-IBU ISFI
treated sites in comparison to the placebo ISFI amdeated controls respectively €0.05)
(Figures 7E) and at 15 days (28% vs placebo and &&U#ntreatedp <0.05) (Figure 8E)The
connective tissue fibers appeared to be densematiebrganized along the root in the sites
treated with 1.5%. CHX-IBU ISFI. No significant thifences were observed in terms of bone

healing at both time points studied (Figures 7F &rRd



4. Discussion

Control of periodontal inflammation is the main goaperiodontal therapy and is achieved
after oral biofilm removal. However, this aim coudd difficult to achieve due to the presence of
modifiable and non-modifiable risk factors and ame cases, exacerbated inflammation persists
at lesion site and induces significant tissue detitbn. Therefore, the development of easy-to
handle pharmacological strategies with low risk sifie effects is required as adjunctive
treatment. Here, we demonstrated, as a proof-ofequn the potential use of an ISFI to deliver
efficiently active drugs at lesion siite vivo.

To allow sustained release of active drugs in glembal lesions, several types of delivery
systems have been developed such as gdbsy(Dzdo an et al., 2018), fibers, chips (Lecic et al.,
2016), membranes (Batool et al., 2018a) and ISKjoéaa et al., 2017; Do et al.,, 2014,
Kilicarslan et al., 2014). Such advanced drug elivsystems have been loaded with
antimicrobials such as antibiotics or antiseptige €t al., 2014; Kilicarslan et al., 2014, Lecic et
al., 2016), anti-inflammatory compounds (Batoohkf 2018a; Christian et al., 2019; Yar et al.,
2016) and pro-regenerative factors such as groadtorfs (Li et al., 2017). In this study, ISFI
loaded with both anti-inflammatory and antimicrdbtiugs were evaluated. The investigated
ISFI displays major features appropriate for pesiadl application. They are biodegradable,
injectable and fit the tridimensional shape of treient’s periodontal lesion. With certain,
injectable PLGA-based delivery systems importaritiain burst effects have been reported,
followed by sustained release over hours to evesksi¢Hatefi and Amsden, 2002). Generally,
the incorporated drugs are to be released in a-d¢on&olled manner to provide sustained
pharmacodynamic effects over prolonged periodsmoé t(Do et al., 2015a; Kilicarslan et al.,

2014).



PLGA is a well-known and well-characterized biodetable and biocompatible matrix
forming material capable to control drug releasewklver, the mechanical properties of PLGA-
based drug delivery systems are generally pooidptdl to the dynamic environment of gingival
tissue (Do et al., 2015b; Fisher et al., 2016; Gadnal., 2016; Gentile et al., 2014). Therefore,
plasticizers and fillers are added to improve trechanical properties and bio-adhesion. HPMC
is a hydrophilic polymer that is added to the 18&~Improve their bio-adhesion, as demonstrated
previously (Agossa et al., 2017; Do et al., 2015b).

The possibility to provide good syringeability, #ian to water, moderate hardness of the
resulting ISFI, good mechanical strength associtiestrong adhesion to tooth surface make ISFI
a more convenient and efficient mode of intra-pockeqg delivery. The liquid nature of ISFI at
the time of injection and a moderately hardenedsisbency acquiring the 3D geometry of the
periodontal pocket later are crucial for the suscelsthe treatment as this process of implant
hardening ensures reliable and long-term retertid8FI along with the drugs.

In this proof-of-concept study, the anti-inflammateffects of ISFI loaded with IBU and
CHX were evaluated. Recently, ISFI have been witkdyed for many different applications. For
instance, anti-inflammatory (lornoxicam) loaded A Based ISFI have been studied in a rat
model to treat osteoarthritis related inflammat{@hristian et al., 2019). Likewise, controlled
release of dexamethasone from ISFI has also begsdtéor intra-ocular delivery (Bode et al.,
2018). As mentioned previously, reduction of inflaation orchestrated by decreased pro-
inflammatory cytokine secretion is the aim of pdoatal treatment (Cekici et al., 2014). Herein,
we demonstrated that the dose of IBU released filoeninvestigated ISFI under the given
conditions reduced significantly TN#&-secretion induced biPg-LPS (34% at 6h and 43% at

24h, p <0.05) in EC without any significant cytotoxicity. EC adey cells in periodontal



pathogenesis, as they are considered the first dihelefense continuously challenged by
periodontal pathogens (Amano, 200While Pg-LPS is a well described virulence factor that
triggers the release of pro-inflammatory mediaiarsral and immune cells (Bian et al., 2016;
Kim et al., 2018; Morand et al., 2015). Tlmsvitro anti-inflammatory effect was corroborated
vivo, as a reduced inflammatory score was measuresiantsites treated with IBU-CHX loaded
ISFI (59% and 55% vs untreated controls at 7 and 15 aegeectivelyp <0.05).As persistence
of soft tissue inflammation is implicated in ung@mh alveolar bone destruction and impaired
wound healing, an improved bone healing was exped#®wever, such observation was not
made and constitutes a limitation of this studym8&arend of result was observed in another
study with another type of IBU loaded drug deliveggtem (Batool et al., 2018a). Therefare,
vivo kinetics of ISFI resorption and drug release sthdad considered for future studies with a
longer follow-up and with a specific insight on lgoremodeling and healing.

Long-term use of antibiotics at their minimum inldiby concentration’s (MIC) threshold
causes bacterial resistance against several ddagSilva et al., 2016; Paolantonio et al., 2009).
For instance, the antibacterial spectrum of anbaiic (doxycycline) loaded injectable
formulation based on PLGA was increased by the taxdiof an antiseptic (secnidazole),
however, the resistance of anaerobic bacteria ttsvdoxycycline still posed a problem (Gad et
al., 2008). To overcome these limitations, antioltal agents such as CHX offer an alternative
as adjunct to periodontal therapy. Interestingbjgggngival administration of metronidazole gel
and CHX gel has also been studied and showed caivpaeffectiveness in reducing clinical
bacterial load and periodontal pocket depth (Périme al., 2004). Importantly, in our study,
effective results have been achieved with lower dbdings as compared to other CHX based
delivery systems for periodontal treatment (Agasisal., 2017; Heasman et al., 2001; John et al.,

2015; Perinetti et al., 2004).



In this study the effect of CHX-IBU ISFI on periadal inflammation has been
demonstrated botim vitro andin vivo. To further corroborate the efficacy of CHX-IBURE it
would be interesting to explore its impact on thrmfity and quality of oral biofilnm vitro and
in vivo, especially in comparison to the commercially mde products or other antibiotic
loaded gels. In this study, well-described drugsXGid IBU were selected as a proof of concept
model, nevertheless, incorporation of growth faxtmnd other pro-regenerative molecules could

also be tested.

5. Conclusion

The investigated IBU-CHX loaded ISFI offer a preig potential for the local delivery
of adjunctive drugs in the treatment of periodoigalons and open perspectives to develop ISFI
loaded with specific molecules, drugs or growthideg that can be combined to enhance bone
regenerative response as well to optimize a coatélihhealing response of the periodontal soft

and hard tissues.
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Figure legends

Figure 1: Experimental design

Figure 2: In vitro drug release from the investigated ISF[A) IBU release from 1.5% and
5.3% CHX-IBU ISFI; (B) CHX release from 1.5% an®%. CHX-IBU ISFI. Results are

reprinted (adapted) from Lizambard et al., subnditte

Figure 3: Effect of CHX-IBU ISFI on P.gingivalis gowth over time.P.gingivalis were
incubated for 6h, 9h, 24h and 48h with sampledefrelease media obtained with placebo ISFI,
1.5% and 5.3% CHX-IBU ISFI after 1 day of expodorartificial saliva. The fold changes in the

numbers of P.gingivalis are showData are expressed as the mean + S[p;< 0.05.

Figure 4: Effect of CHX-IBU ISFI on inflammation and metabolic activity of EC.(A)
Metabolic activity of CHX-IBU ISFI treated EC atahd 24 hours; (B) TNz release from
CHX-IBU ISFI treated EC at 6h; (C) TN&-release from CHX-IBU ISFI treated EC at 24 h;
data are expressed as the mean + SD. T Differerbgden non-stimulated and stimulated cells,
p < 0.05; * difference between 1.5% CHX-IBU ISFldted cells with or without PgPS

stimulation,p < 0.05.

Figure 5: Effect of CHX-IBU ISFI on inflammation in a periodontitis-induced mouse model
at 7 days of periodontal wound healingnflammatory cell count in histological sections(&i)
untreated (B) placebo ISFI (C) 1.5% CHX-IBU ISHD) Inflammatory score:the scale ranged

from 0O to 3: 0 = no inflammation, no inflammatomgllanfiltration; 1 = mild inflammation, local



focal inflammatory cell infiltration; 2 = moderatmflammation, spotty and flaky inflammatory
cell infiltration; and 3 = severe inflammation, flie inflammatory cell infiltration. Data are
expressed as the mean £ SD. * decrease in inflaompatore by treatment with 1.5% CHX-IBU

ISFI, p <0.05.

Figure 6: Effect of CHX-IBU ISFI on inflammation in a periodatitis-induced mouse model
at 15 days of periodontal wound healintpflammatory cell count in histological sections(a)
untreated (B) placebo ISFI (C) 1.5% CHX-IBU IS@) Inflammatory score:the scale ranged
from 0O to 3: 0 = no inflammation, no inflammatomgllanfiltration; 1 = mild inflammation, local
focal inflammatory cell infiltration; 2 = moderatmflammation, spotty and flaky inflammatory
cell infiltration; and 3 = severe inflammation, flise inflammatory cell infiltration. Data are
expressed as the mean £ SD. * decrease in inflaompatore by treatment with 1.5% CHX-IBU

ISFI, p < 0.05

Figure 7: Effect of CHX-IBU ISFI on periodontal wound healing at 7 days in a periodontitis-
induced mouse modeHistological section of (A) untreated; (B) placel&FI; (C) 1.5% CHX-
IBU ISFI. Red lines = cemento-enamel junction (CEdgen lines = epithelial attachment level
(EA); yellow lines = fibrous connective tissue attment level (FA); blue lines = bone loss (BL);
EPI: gingival epithelium, CT: gingival connectivissue, AB: alveolar bone, R: root, EA:
epithelial. Histomorphometric analysis of (D) emlial attachment level (EA); (E) fibrous
connective tissue attachment level (FA); (F) baesI(BL). Distances are expressed as the mean

+SD in um;* p <0.05.



Figure 8: Effect of CHX-IBU ISFI on periodontal wound healing at 15 days in a periodontitis-
induced mouse modeHistological section of (A) untreated; (B) placel@FI; (C) 1.5% CHX-
IBU ISFI. Red lines = cemento-enamel junction (CEdgen lines = epithelial attachment level
(EA); yellow lines = fibrous connective tissue atiment level (FA); blue lines = bone loss (BL);
EPI: gingival epithelium, CT: gingival connectivissue, AB: alveolar bone, R: root, EA:
epithelial attachment. Histomorphometric analysfs(D) epithelial attachment level (EA); (E)
fibrous connective tissue attachment level (FA); l§bne loss (BL)Distances are expressed as

the mean £ SD in um; f < 0.05.
































